Objective. To assess pharmacy students' attitudes towards a blended-learning pharmacokinetics course. Design. Narrated visual presentations and animations that illustrated kinetic processes and guided students through the use of software programs used for calculations were created. Other learning techniques used included online self-assessment quizzes, practice problem sets, and weekly face-toface problem-solving tutorials. Assessment. A precourse questionnaire to assess students' level of enthusiasm towards the blendedlearning course and to solicit any concerns they had was administered at the beginning of the course. A postcourse questionnaire that included the same 4 Likert-scale items from the precourse questionnaire and follow-up open-ended questions was administered. Individual changes in level of enthusiasm were compared for individuals who completed both the precourse and postcourse questionnaire. Students' concerns about the blended method of learning had decreased postcourse while their enthusiasm for the benefits of blended learning had increased. Conclusion. Students' initial concerns about the blended learning experience were focused on their ability to communicate with the instructor about the online components, but shifted to their own time management skills at the end of the course. Face-to-face interactions with each other and with the instructor were more highly rated than online interactions in this course.
INTRODUCTION
The integration of face-to-face and online instruction and interaction to design ''blended''courses is a strategy that has found solid acceptance in higher education and corporate training programs over the last decade. 1 At the University of Waterloo a blended course is one where welldesigned online activities are integrated with face-to-face interaction. Higher satisfaction levels among faculty members and students, better learning outcomes for students, and increased access and flexibility in the time, pace, and place of learning are all cited as strengths in blended-learning courses as compared to traditional lecture-based courses. [2] [3] [4] [5] [6] Opportunities for collaborative learning and for studentfaculty interactions are key to the success to blended courses and increase student satisfaction. 7, 8 Garrison and Kanuka argue that blended learning has ''transformative potential'' and can support the formation of communities of inquiry. 9 Communities of inquiry in blended courses support students' need for cognitive and social presence and rely on a strong teaching presence by the instructor. The inclusion of thoughtfully designed course components that encourage active participation in the learning process are critical to the success of blended courses. [10] [11] [12] Blended course design models are effective in teaching pharmacy students in the areas of microbiology, adult acute care medicine, pharmaceutical biotechnology, and cardiovascular pharmacotherapy. [13] [14] [15] [16] In general, these courses were well received by students and instructors reported that the blended, or hybrid, approach was an effective way for students to achieve course objectives. However, our approach of quantitative and qualitative analysis of students' feedback about their concerns with this nontraditional approach to learning through pre-and post-course questionnaires has not been attempted in this discipline before. The specific topic of blended learning in pharmacokinetics was the focus of this study.
Pharmacokinetics aims to describe drug absorption, distribution, metabolism, and excretion mathematically as a means of predicting drug behavior in specific patient subpopulations. A pharmacokinetics fundamentals course is offered in most pharmacy curriculums; however, it is generally not well received by students due to its basis in mathematics and the difficulty experienced in linking basic concepts with clinical relevance. 17 The objectives of this work were: to develop a basic pharmacokinetics course that relied on the integration of online modules for the delivery of concepts and practical computational skills with face-to-face problem-solving tutorials; and to assess the attitudes of students to this new method of learning both prior to and following course completion.
DESIGN
At the University of Waterloo, Ontario, Canada, enrollment to the new bachelor's degree in pharmacy program requires at least 2 previous years of relevant undergraduate experience; although the majority of students entering the vanguard class had at least a relevant bachelor's degree. Integrated Patient Focused Care 1 (IPFC1) was offered for the first time to the vanguard class in their second year of the program in winter 2009. This course is an intensive 6-week (18 hours/week) segment of a core course and challenges students to understand fundamental principles of pharmacokinetics, immunology, clinical biochemistry, infectious disease, critical appraisal, and patient-focused care. The course is designed such that the largest section, pharmacokinetics (7 hours/week), is in a blended learning format where students engage independently in weekly online modules and activities in lieu of class time (6 hours/week) and meet once a week for face-to-face problem-solving tutorials with the instructor (1 hour/week). This section focuses on basic concepts of absorption, distribution, elimination, one-and multi-compartmental kinetics, constant-rate and multiple dose administrations and dosing regimen design. The remaining section of the course, Foundational Material (11 hours/week), provided basic information in a traditional lecture format on the topics outlined above to ensure students would be able to grasp the more integrated topics discussed in the remaining 7 IPFC courses. The pharmacokinetics course section had the following learning objectives:
(1) Illustrate and explain the role of formulation, drug physico-chemistry, and physiology on the absorption profile and bioavailability of drug administered by nonintravenous routes. (2) Explain how the factors driving distribution volume affect drug pharmacokinetics. (3) Describe the clearance concept with respect to plasma and intrinsic clearance, as well as metabolite and urinary kinetics. (4) Derive relevant pharmacokinetic parameters by mathematically describing a pharmacokinetic profile following single intravenous and non-intravenous administration. (5) Given relevant pharmacokinetic parameters, apply pharmacokinetic equations to calculate drug concentrations in biological fluids following bolus, infusion, and single and multiple administrations. Due to the foundational nature of the subject, the objectives primarily cover the knowledge and comprehension categories of Bloom's cognitive domain, with a minority of content falling under the application category (eg, apply pharmacokinetic principles to derive a reasonable dosing regimen). 18 
Rationale for Blended Learning Approach
Web-based modules for teaching pharmacokinetics have been used by others. 19, 20 Mehvar demonstrated that, in addition to in-class time, Web-based modules of basic concepts and a Web-based assignment/feedback system were well accepted by students and improved learning outcomes. 19 Ninety-five percent of students responded that the use of computers in this pharmacokinetics course is worthwhile and should be continued. 19 A randomized parallel group study was conducted at the School of Pharmacy at The University of North Carolina at Chapel Hill that examined the effectiveness of a short 1.5-hour online module to replace a 4-hour lecture series on hepatic clearance traditionally given in class as a source of foundational material 20 While test scores were equivalent between the groups, a higher percentage of students (24%) in the group that viewed the online module selected it as their preferred presentation method vs. only 3% in the group that received the traditional lecture. 20 Based on this and other research suggesting improved test scores with use of a module, 21 we decided to deliver all basic pharmacokinetic content online.
Educational Environment
Online modules were created using the screen capture tool Camtasia (version 6.0, TechSmith, Okemos, Michigan). The modules incorporated narrated PowerPoint presentations, Adobe Flash videos, tutorials on the use of Excel, and external Web sites. The modules were delivered through the institution's course management system, UW-ACE (University of Waterloo Angel Course Environment which is provided by Angel Learning Systems Inc.). Self-assessment quizzes were available to students at the end of learning modules and problem sets were assigned that complemented the weekly learning module. Two instructor-led, face-to-face, 1-hour tutorial sessions were given each week, with half the class attending one session and the rest of the class attending the other. The purposes for the tutorial were (1) to answer the questions American Journal of Pharmaceutical Education 2010; 74 (5) Article 88.
in the problem sets collectively and answer students' questions; and (2) to highlight or explain particularly difficult concepts identified by the students. Four problembased assignments and 2 examinations were administered to assess student understanding of the course concepts. An evening review class that allowed students to ask questions or work through problems from the textbooks with the instructor was provided prior to each examination. Two texts were required for the course, one of which was available to students online. 22, 23 Discussion forums and e-mail were used as communication tools within the course management system and the instructor frequently met with students in her office to provide help to individuals and small groups. Students were encouraged to work with each other on the problem sets that accompanied the weekly modules, but were expected to complete the graded assignments individually.
Content
The pharmacokinetics section of the IPFC1 course was divided into 6 weeks:
Week 1: introduction to absorption, distribution, metabolism, and elimination; math review; general factors affecting drug distribution and elimination. Week 2: compartmental kinetics (intravenous); onecompartment kinetics (extravascular) Week 3: absorption Week 4: distribution Week 5: metabolism and excretion Week 6: Intravenous constant-rate infusion; multiple dosing Week 2, for example, contained 6 videos; (1) ''Intravenous Dose,'' (2) ''Examples With One and Two Compartments,'' (3) ''Extravascular Dose,'' (4) ''Assessment of Area Under the Curve,'' (5) ''Bioavailability and Bioequivalence'' and (6) ''Summary of Concepts.'' Videos were put online the Friday prior to the beginning of week 2. In addition, a problem set was provided for students to attempt prior to the tutorial session on Friday where the problem set was completed and discussed with the instructor. An assignment on the content of week 2 was given to students on the Monday of week 2 and was due on the Tuesday of the following week. Other activities in week 2 included a YouTube viewing of a University of Toronto professor's lyrical explanation of bioequivalence, 24 Excel macro downloads and explanation of their use for the performance of simple pharmacokinetic parameter calculations, as well as readings and practice problems from the texts.
On the first day of classes in winter 2009, the instructor met with students to explain the format of IPFC1. Students were told that upon their first entrance into the course Web site, they would be asked to complete an online questionnaire prior to commencing the 6-week segment of pharmacokinetics and again after they had completed it. All questionnaires were approved by the Human Research Ethics Board of the University of Waterloo. Students were asked to create their own unique, confidential username that would allow their responses to remain anonymous and allow for comparison between responses on the pre-and postcourse questionnaire. The introduction to both questionnaires included a definition of blended learning that students could refer to throughout the questionnaires.
The precourse questionnaire asked questions concerning the student's level of enthusiasm towards certain aspects of the blended course including: interacting with online course modules, online interaction with the instructor, face-to-face interaction with the instructor in problem-solving sessions, and learning in a blended course environment (Appendix 1). Their level of enthusiasm was assessed using a 5-point Likert scale on which 1 5 very enthusiastic and 5 5 not enthusiastic. The precourse questionnaire also included an open-ended question that asked students to express any concerns they had about taking a course in a blended format. Students were also asked to indicate whether they had taken a blended or fully online course before this course.
The postcourse questionnaire was completed prior to the final examination and included the same 4 Likert questions from the precourse questionnaire, where students were asked to indicate their level of enthusiasm towards certain aspects of the blended course as well as a follow-up open-ended question about their precourse concerns. Additional open-ended questions were asked, inviting student feedback on how course activities and teaching methods helped them to remember key concepts, their perceptions of the most and least effective aspects of the blended course, suggestions for improving the course, and advice to other students taking a blended course for the first time. Likert-scale questions about the helpfulness of specific course elements (eg, the face-to-face tutorials), assessments (eg, weekly problem sets), and course resources (eg, equation information sheets) to their learning as well as questions about the helpfulness of interactions with their peers and instructor online and face-to-face also were included in the postcourse questionnaire. Questions about their satisfaction with the technology and learning gains on specific course objectives were also included to help the instructor gauge the success of the first offering of this course. Thirty-one Likert-scale questions and 1 yes/no question was asked (Appendix 1). Many questions were adapted from the Student Assessment of their Learning Gains (SALG) questionnaire, which allows instructors to gather learning-focused feedback from students and from the Garrison's blended course questionnaire. 25 Our questionnaire was reviewed by a University of Waterloo education research consultant prior to its administration. Since this article focuses on the shift in attitudes about blended learning between the beginning and end of the course and the aspects of the blended-learning experience that students found helpful and challenging, not all the response data gathered in the postcourse questionnaire will be discussed.
Statistical Analysis
Descriptive statistics, frequencies of the response options, and response modes were used to analyze the responses to each of the Likert-scale questions and to provide a picture of attitudes (at both points in time) in the precourse and postcourse questionnaires. A content analysis of the qualitative data was undertaken by 3 different people. A coding scheme was created independently by each person for each of the open-ended questions. In order to achieve interrater reliability, only interpretations of content identified by at least 2 of the 3 people were included in the analysis.
Since there were not enough paired observations to confidently test whether the differences in the precourse and postcourse questionnaire data were normally distributed and the distributions of the responses appeared to be skewed, a Wilcoxon signed rank test was used to test for significant differences (p , 0.05) between the precourse and postcourse questionnaire responses for the pairs where there was a match of identifiers for both questionnaires. This test takes into account the pairing of responses of students and compares the positive and negative differences between measurements, and takes into account the size of the difference between them. The test treats responses as ordinal (or ranked) data, which is appropriate given the subjectivity of responses to Likert-scale questions. 26 
EVALUATION AND ASSESSMENT
Seventy-five percent of students (67/89) completed the precourse questionnaire; the response rate dropped to 55% (49/89) for the postcourse questionnaire. Students were not given any course credit or other incentive to encourage them to participate. Identifiers used by some students varied between the 2 questionnaires, which precluded comparison between some precourse and postcourse responses. Due to attrition and students changing their identifier between the 2 questionnaires, not all responses could be matched. Identifiers that were identical (or not identical but had a high likelihood of belonging to the same student) were included in the final analysis, allowing for 28 paired comparisons to be made. Wilcoxon signed ranks tests were used to test for differences in the matched pairs of data.
Comparison of Pre-and Postcourse Responses Between Matched Pairs
Learning in a blended course environment. The number of students who were ''very enthusiastic'' about learning in a blended course environment increased 25% from precourse to postcourse questionnaire, while the number who were ''neutral'' decreased by 17.8%. The modal category for both time 1 (precourse) and time 2 (postcourse) was ''enthusiastic'' (Figure 1) . The data indicate that students were more enthusiastic towards learning in a blended format at the end of the course than at the beginning of the course (p 5 0.037).
Interacting with course learning modules online. The number of students who were in the ''very enthusiastic'' category increased 21.2% while the largest decrease (37.4%) was in the ''neutral'' category. The modal category was ''enthusiastic'' for both time 1 and time 2 ( Figure  2 ). There was a positive relationship between time and the students' level of enthusiasm towards interaction with online course modules for the 28 matched pairs of data (p 5 0.049).
Interaction with your instructor online through e-mail and discussion forums. The largest categorical increase was in the ''very enthusiastic'' category (7.2%), while the largest decrease (7.1%) was in the ''not enthusiastic'' category. The modal category was ''neutral'' for both time 1 and time 2 (Figure 3) . Although there was an overall positive shift in the responses, it was not significant.
Interaction with your instructor in face-to-face problem-solving sessions. The largest categorical increase was seen in the ''very enthusiastic'' category with an increase of 32.1% while the largest decrease equal to 28.6% was found in the ''enthusiastic'' category. The modal category for Time 1 was ''enthusiastic'' while the modal category for time 2 was ''very enthusiastic.'' No students indicated any level of enthusiasm less than ''neutral'' ( Figure  4 ). Students were more enthusiastic about face-to-face American
Student concerns about taking a course in a blended format. Less than one third of the class responded to the question in the precourse questionnaire about taking a course in a blended format. The major concern (7/26 comments) students expressed was the limited face-to-face time with the instructor (Table 1) . Many who made this comment were specifically worried about being unable to ask questions and get immediate answers about course concepts during the online lectures. Some students were concerned about their ability to understand complex material online (3/26), without the opportunity to interact with the instructor and fellow classmates. Time management/personal organization (3/26) was another point of concern, as was students' ability to follow a course schedule without having the structure of attending weekly classes. The postcourse questionnaire asked students to identify whether their precourse concerns were still present. Twenty-three students' responded to this question but several students indicated positive aspects of the blended course rather than indicating if their prior concerns were still present. Only 3 students expressed concerns about the lack of face-to-face time with the instructor and 4 expressed concerns about time management/personal organization.
Reponses to Postcourse Likert Questions
The most relevant questions addressed the helpfulness of interacting with course materials online, participating in face-to-face problem solving tutorials and the students' interactions with their instructor and peers. Seventy-three percent of students indicated that interacting with online course materials provided either ''much help'' or ''great help'' to their learning experience. The majority of respondents, 54%, indicated that the textbook provided ''little help'' or ''no help'' to their learning experience. Sixty-three percent of respondents indicated that the face-to-face problem-solving tutorials were a ''great help.'' Interaction with both the instructor and their peers appeared to be of great importance to students and key to supporting their individual learning. Over 80% of respondents indicated that the face-to-face interaction with the instructor during tutorials provided ''much help'' or ''great help,'' with all students indicating the sessions provided some degree of help. Although a significant portion of respondents (29%) indicated that they did not interact with the instructor during office hours, of those who did, 97% reported doing so was ''helpful.'' Twenty-five percent of students reported that they did not interact with the instructor online, but of those who did, 78% indicated the experience was at least ''moderately helpful''. Similarly, about 25% of students responded that the item regarding online interaction with peers did not apply to them, but of those who did interact with peers online, 70% found it ''moderately helpful'' or better. Of those students who worked with peers outside of class, all indicated this collaboration was ''helpful'', with 50% indicating it provided them ''great help.''
Reponses to Postcourse Open-ended Questions.
For the item concerning which aspect of the blended course was the most effective for their learning experience, the majority of students indicated they enjoyed choosing when they would watch their lectures and not having to attend regularly scheduled lectures (Table 2 ). Students also indicated enjoying the ability to pause and replay the online lectures until they reached a level of understanding. When asked to comment on which aspect(s) of the blended course proved to be the least effective for their learning experience, the most common response was lack of face-to-face time with both the instructor and peers (Table 3) . Discussion boards provided students an opportunity to communicate with one another as well as the instructor; however, some students complained about the relevance of the questions posted as well as the length of time it took to obtain a correct answer. Several of the comments and suggestions given by students to improve the course coincided with student responses regarding the least effective aspect of the course (Table 4 ). Students believed that including a greater variety and amount of assignments and problem sets would improve the course and their overall learning experience. Students' comments and suggestions for others who have never taken a blended format course included: develop time management/personal organization, remain open-minded to the concept of a blended course; and recognize the utility of problem sets (Table 5 ).
DISCUSSION
Our approach to the teaching of basic pharmacokinetics was to deliver the course content completely online and to have face-to-face problem-solving tutorials with the instructor. Based on student responses, enthusiasm for this blended method of course delivery increased, as did enthusiasm for interaction with the online course modules and for face-to-face interaction with the professor during problem-solving sessions. There is, however, no basis to report an increase in enthusiasm for interacting with the instructor online through e-mail or discussion forums in this course. This conclusion is supported by the analysis of the matched, paired precourse and postcourse responses as well as the qualitative results, which strongly suggested that student concerns about the format were, for the most part, not realized. Having both open-ended and close-ended questions in the questionnaire provided complementary data to more adequately assess student attitudes. This approach helped substantiate the findings despite the small class size (n 5 89); the somewhat disappointing questionnaire response rate (75% of students completed the precourse questionnaire and 55% completed the postcourse questionnaire); and the low number of individual matched precourse and postcourse questionnaire responses (n 5 28). Overall, student opinions of the course and the blended format used for this course were positive. There was a large increase in the number of students who indicated no concerns at the time of the postcourse questionnaire, from 2 to 15, which suggests that many of their precourse concerns were remedied or that their original concerns never materialized. Given that 88% of the class had never taken a blended course, many of these concerns likely arose because this method of teaching was unfamiliar to students. Concerns that decreased in frequency included: having questions answered online instead of immediately in class, the availability of print copies of lecture notes, the ability to understand complex material online, and the course schedule. A concern that increased between the beginning and end of the course was time management/personal organization. Students were required to watch lectures and complete problem sets before their tutorial but did not have to follow a typical course schedule that included attending weekly in-class lectures; this type of concern is likely present for most courses that require students to personally manage the time they spend learning course material. Students' comments and suggestions for others who have never taken a blended format course included: develop time management/personal organization, remain open-minded to the concept of a blended course; and recognize the utility of problem sets.
Other aspects of the course that students found to be effective were the flexibility of setting one's pace and choosing when lectures would be watched. A closely related item that a good portion of students thought was effective was the ability to pause and replay lectures and other online material. This finding is unsurprising and has been previously reported in the literature. [2] [3] [4] [5] [6] 15, 27 Face-to-face interaction with both the instructor and peers was highly rated in this course; most students found these interactions provided a moderate to great amount of help. This seems to be the greatest strength of blended formats over fully online courses. Although students consistently appreciate the flexibility of the time and pace of learning online, student feedback in a Web-based human nutrition course for pharmacy students suggested that the students would have understood the course concepts and materials better in a traditional classroom than in the fully online course. 27 Crouch found that the online components of their blended cardiovascular pharmacotherapy course were well received by students and enhanced long-term knowledge. 16 However, the students valued the face-toface discussions in the course and this face-to-face component had a significant impact on quiz scores, which were higher for those who had engaged in face-to-face case discussions than for those who had participated in online group cases. Boje et al found that although students were enthusiastic about the use of a virtual biotechnology laboratory in a blended pharmacy course, they preferred face-to-face discussion over asynchronous discussion boards. 15 Other instructors have reported challenges with managing course communications through e-mail and the use of online discussion forums to answer questions. 27 Our study suggests that students prefer face-to-face interactions for asking questions and having questions answered over online communication mechanisms with each other and the instructor. At our school, these faceto-face interactions are easy to attain as the instructor's office is in the same building as the classrooms that students are using for their other courses and many students spend most of their day in this building. Under these circumstances it is reasonable that students would gravitate towards human rather than technically mediated interaction when communicating with peers and the instructor.
Garrison and Kanuka discussed the transformative potential of blended courses through the formation of ''communities of inquiry'' 9 consisting of 3 integrated components: cognitive, social, and teaching presence. 9 Interactions between students and between a student and the instructor, both online and face-to-face, provides the ''social presence'' component in their framework and can rely on the effective use of asynchronous communication tools, such as e-mail and discussion forums, in blended and online courses. When students and their instructor are situated in the same location it makes sense to support the social presence through face-to-face interactions, while the teaching presence and cognitive presences can be supported through online teaching modules. Students can interact with the course concepts in the modules individually or collaboratively, with one or several peers, depending on their learning preferences, and move through the modules at their own pace and at a time that fits their schedule.
Constructivist learning theory highlights the importance of social and collaborative learning experiences, so not surprisingly, face-to-face interactions with peers and face-to-face contact in tutorials or office hours with the course instructor would be important to the learning experience of students in this type of problem-solving course. Vygotsky's well known theory of the ''zone of proximal development'' outlines how learning involves social discourse between peers and how independent problem solving is learned through example by interacting with experts. 28 Although online discussion forums are effective at promoting reflective activities, face-to-face discussions are better suited to situations where students are learning directly from each other or from an expert instructor. 29 In our course, the feedback from students indicates that the face-to-face time is highly valued and provides an essential element that would be lost in a fully online course where asynchronous communications would be used. In this blended course it was a logical and effective choice to put the concepts and self-assessments online, but keep the face-to-face components for highly interactive, instructor-led problem-solving tutorials. Our strategy also promotes 2 of the much-cited good practices of undergraduate education: it encourages contact between students and faculty members and develops reciprocity and cooperation among students. 30 While not the focus of this study, there was evidence for learning. Students were asked about the gains they made in meeting the course objectives (Appendix 1). The modal response for all course objectives was ''good gain'' or a 4 on a 5-point Likert scale, with 5 being the greatest gain (frequencies not shown). Since this was the first offering of the course and there was no strictly in-class previous offering, assignment and examination grades could not be compared between teaching methods.
For others considering teaching using a blended approach with course content delivery completely online, the preparation required is at least equal to in-class preparation time the first time the course is offered. It requires a certain level of comfort and problem-solving skills with incorporated softwares. There were no formal lectures as the course modules provided the ''didactic'' part of the course. However, student contact time was not reduced for the instructor. Although 5 hours of office hours were posted, and discussion forums were made available for questions, the instructor had students in her office at least 8 hours per week, usually concentrated around a graded assessment due date. The instructor also led two 1-hour problem-solving sessions on Fridays, with half the class participating in each. We suspect that these face-to-face interactions were richer from a student perspective than time spent in the lecture hall as they were much more student-centered. Students came to office hours and tutorial sessions with their own questions and were able to delve into the specific challenges that they were encountering with the course concepts, ask questions, and learn from the instructor as well as from each other. Future modifications of the course may include two 1.5-hour tutorials as opposed to two 1-hour tutorials. This would allow extra time for questions as well as time for the instructor to review more difficult concepts. Students also indicated that more problems sets could be posted with answer keys for practice. A question bank could be developed that students could use for examination preparation.
SUMMARY
Student enthusiasm for the blended method of course delivery, interaction with the online course modules, and face-to-face interaction with the professor during problem-solving tutorials increased significantly between the beginning and end of a 6-week blended pharmacokinetics course. Overall students' concerns about blended learning decreased; however, they became more concerned about and aware of the importance of managing their own time and being organized to complete the online course components on time, get the most out of the weekly course tutorials, and be prepared for assignments. Students placed a high value on face-to-face interactions with the instructor and with their peers for asking questions about the problem-solving aspects of this course. Since students showed both evidence of learning and enthusiasm for the blended format, this method could be considered for other courses or course sections within a pharmacy curriculum, provided the content was suitable. However, the face-toface aspect is expected to be paramount in assuring learning gains regardless of the content.
